Résumé. 2014 Ce travail propose un modèle théorique pour la génération de [3] [4] [5] [6] [7] [8] [9] . Several mechanisms have been put forward in order to explain the non-statistical character of the particle distribution.
1. Introduction. - The general problem concerning the distribution of molecules or ions in binary crystals has been underlying most of the recent theoretical and experimental studies. They are dealing with concentrated systems where inter-particle interaction plays a significant role such as spin-glasses, mixed crystals above the delocalization transition.. ~ From a theoretical point of view, all the works dealing with these problems consider that the site disorder problem could be handled assuming a statistical distribution of the particles in the mixture reducing the problem to the consideration of diagonal and off diagonal disorders alone [2] .
A number of recent experiments, dealing with doped crystals, have shown various situations where the dopants were not statistically distributed in the matrices [3] [4] [5] [6] [7] [8] [9] . Several mechanisms have been put forward in order to explain the non-statistical character of the particle distribution.
They can be summarized invoking the following processes : -the interaction between A and B particles in the Am B,, crystal plays a significant role during the crystal growth at the interface solution-crystal.
at high enough temperatures, the particles in the crystal may reorganize in order to lead to the minimization of the thermodynamic energy of the system. This mechanism is connected to a characteristic time and may or may not be efficient depending on the heat treatment which follows the crystal growth [10] .
While the latter process is difficult to handle, even numerically, because it leads to the solution of a time-dependent many body problem, it turns out that the former mechanism can lead to a tractable solution. It is the purpose of this letter to provide a technique for generating non random distributions (NRD) and to show how, introducing adequate parameters, these NRD can be described and used for future calculations dealing with non-statistical site disorder.
This work provides computer simulations of NRD for a two-dimensional model using an interaction parameter Z related to the strength of the attractive or repulsive interactions between the A and B particles during the crystal growth. In order to describe the various amounts of ordering introduced in the crystal due to the inter-particle interactions, we introduce translational order parameters (TOP). The interaction parameter Z and the tragslational order parameters P are shown to be related and turn out to be pertinent adjustable parameters for experimental investigation.
2. Computer simulation of the crystal growth. -Starting from a solution containing A and B particles the crystal growth corresponds to the pseudo-chemical reaction [10] :
The general solution of the problem should take into account the various attractive or repulsive interactions between the A-A, B-B and A-B pairs of particles, and the solution cannot be obtained unless we consider an epitaxial growth which greatly reduces the degree of freedom of the system. Seen from this point of view, the problem can be solved either using a row after row or a site after site growth. For sake of simplification we choose here the second procedure considering that the other technique would lead to the same set of NRD. Moreover the site after site process is generally looked upon as a realistic description of the real crystal growth.
If we take into account the inter-particle interaction in a site after site crystal growth, the probability of introducing an A particle from the solution into the crystal depends on whether or not A particles are present in the crystal in a nearest-neighbour (NN) or next nearest-neighbour (NNN) position. According to this statement we may define two conditional probabilities PA/A and P A/B. PA/A is the probability to crystallize an A particle when there is already, at least, an A particle in a NN or NNN position in the crystal. P AIB is the probability to crystallize an A particle when there is no A particle in the crystal in a NN or NNN position. In the absence of any interaction between the A particles, these two probabilities are obviously identical and are equal to the concentration C~ of the A particles in the,solution. Now, if we take into account the inter-particle interactions we can modulate the two probabilities by setting :
with K1 ~ K2 i= 1 for non-random distributions.
A simple relationship between K and K2 can be found if we consider the following procedure : our model can be looked upon as describing a modulation of the local concentration of the solution at the liquid crystal interface depending on the already crystallized neighbourhood. For example, if there are repulsive interactions between the A particles, the K1 1 factor (which therefore turns out to be smaller than 1) will reduce the effective local concentration of the neighbouring solution if there is an A particle in the crystal in a NN or NNN position.
The conservation of the A particles implies that an increase (decrease) in the probability 7B/A corresponds to an equivalent decrease (increase) of the probability PAIB so that :
This last condition postulates that the volume of the solution is significantly larger than that of the crystal during the crystal growing process.
The purpose of the present work is to set up a technique starting from a relatively simple situation. Nevertheless any other situation involving A-B and B-B interactions in addition to the A-A interactions can be handled following the same procedure.
The modulation of the local probabilities 7B~ and P A/B may be described using a single parameter Z defined as follows :
It is instructive to consider here the three limiting cases corresponding to the Z values -1, 0, + 1 which will describe respectively the case of maximum attraction, purely random and maximum repulsion between the A particles.
A computer simulation of the system has been made using the following procedure :
we consider a two-dimensional square lattice made up of 104 sites. The distribution of the A particles in the first row may be generated either at random or by including the modulation technique described above. In both cases the results were identical as soon as one considers a sufficiently large part of the crystal. The distribution of the following rows is calculated using the modulation function defined in the preceding equations. Three illustrative examples of the calculated distributions obtained in the three limiting cases are reported in figure 1 . As can be seen in this figure, the introduction of the Z parameter leads to enhancing or inhibiting the clusterization process depending on whether the interaction is attractive or repulsive respectively. As will be realized below, the consideration of these interactions allows the full range between ordered and disordered crystals to be covered. 3 . Translational order parameters. -Besides providing a technique for generating NRD for future calculation of observable quantities which are to be compared to experimental results, this paper is aimed at defining pertinent parameters relevant to the description of these unusual distributions. As can be seen in figure 1 the introduction of the interaction parameters leads to a certain ordering of the crystal with respect to the classical random topology. In order to introduce the translational order parameters we first investigate the simplest case of a linear chain.
Let us consider a system of np particles randomly distributed along a linear chain of N equidistant sites. For a random distribution the number q" of clusters of n consecutive particles is given by :
where C = np/N is the particles concentration.
--Now let us define the two first translational order parameters that we shall denote PI and P2 in the following way : P, (P 2) is the ratio of the number of superpositions of occupied sites obtained after translating the chain by one (two) inter-site distance, to the total number of particles. According to this definition :
... r Figure 3 reports the P1 (or P2) dependence on the Z value at different concentrations. A striking evidence which can be seen from this figure is related to the fact that all the calculated structures are more ordered than the random distribution which turns out to be the most disor- dered one. In other words, we conclude that any kind of interaction between the components of a binary crystal will introduce a certain amount of ordering in the mixture, therefore leading to drastic consequences as far as random walk processes or energy diffusion are considered.
As predicted in the preceding section we observed that both P parameters are equal to C in the random distribution. The satisfactory numerical fit of the analytical equations can be considered as a good test for the random generator used in the computation and also as a confirmation that the number of particles considered in the present calculation is sufficiently large to insure a convenient reliability of the reported results.
Let us consider successively the curves obtained in the attractive and repulsive cases as reported in figure 3 .
When Z is negative (attractive interaction) we observe that the larger deviation, with respect to the random distribution, is obtained at concentrations ranging between 10 and 20 ~, and turns out to be larger in the small concentration region.
Although our calculation, being restricted to 104 particles and short-range interactions, is obviously unable to lead to reliable estimates of the clusterization effect in the small concentration region (below 2 %), it turns out that the calculation can be quite easily extended in this concentration range.
An interesting feature arises when considering high concentrations (above 60 %) where all the curves coalesce with the random value. This feature shows that the distributions tend to be the same whatever the attractive interaction which is considered. This is an important point; however one might raise the question as to whether this particular behaviour is related to the definition of the P parameters. As we shall show in a forthcoming paper this effect is quite real and is connected to experimentally undistinguishable distributions.
As quoted in figure 2 the crystal concentration is always smaller than that of the solution when Z is positive (repulsive case). The obtained limiting value of 25 % obtained for Z = + 1 can be easily explained if we consider the particular type of interaction (restricted to NN and NNN only) which is in favour of an alternate distribution of A and B particles as can be seen in figure 1 . For this particular value of Z the system displays a steep dependence of the order parameter on C, corresponding to the order-disorder transition as will be discussed in a more detailed paper. straightforward connection between Z and the Gibbs free energy for the crystal growth. However, to the best of our knowledge, we feel that the involved quantities cannot be estimated numerically, since the crystal growing process involves a number of unknown processes. Another technique which has been applied recently involves the calculation of the total energy of the binary alloy as developed in [11] . Using results presented in that paper would allow us to correlate our data to thermodynamical quantities. However since we are, in this paper, more interested in calculating the detailed distribution for future connection to experiments, it seems more reliable to try to relate the Z value, a posteriori, to experimentally available data such as inhomogeneous bandshapes due to the distributions of monomers, pairs, triads, etc..., which are strongly dependent on the clusterization degree of the binary mixture. In order to do that, we have performed a calculation of the expected bandshapes in the various distribution calculated in the present paper. The results of these calculations will be reported in a forthcoming paper.
